After cerebral infarction, necrosis in neural tissues is not usually repaired or reconstructed by the injured brain. We therefore examined the effects on postinfarction repair of implanting central nervous system (CNS) stem cells together with mesenchyme, because CNS stem cells can be expected to adapt and survive in the adult brain. Cerebral infarction was induced by the Koizumi-Longa method, using the adult male spontane ous hypertensive rat model. Reperfusion was performed an hour after middle cerebral artery occlusion. The rat mesencephalic neural plate at the early somite stage (embryonic day 10.5) together with the adjacent ventral mesenchymal tissues was dissected out under the microscope and immediately implanted into the ischemic rat striatum. One month later, the cognitive function was evaluated by the Morris water maze method. Histologic and immunohistochemical examinations of the graft were made with hematoxylin-eosin (H&E), neurofilament-200, and tyrosine hydroxylase (TH) stains. In the water maze study, mean latency times required to reach an escape platform in the implanted animals with surviving grafts were found to be shorter than in those without grafts, but longer than in normal animals. In the spatial probe trial, the number of animals seen to cross the area in the pool where the platform had been located was greater in the implanted rats with surviving grafts than in other groups. Multiple vascularization in the grafted area was observed histologically in H&E-stained tissues, and neurofilament-200-positive cells were recognized in the graft. TH staining revealed within the graft many immunoreactive neuron-like cell bodies with long dendrites. It was suggested that grafted CNS stem cells with mesenchyme may survive and differentiate into mature CNS tissue within the adult ischemic rat brain, constructing vessels in and around the grafts, and may therefore have the potential to be effective in the recovery of the cognitive function of the rat model.
INTRODUCTION
In the central nervous system (CNS), neural tissues undergoing necrosis following cerebral infarction cannot recover naturally, and the neural network itself has little potential for spontaneous recovery (1, (4) (5) (6) 12) . Neural transplantation into the ischemic brain of animal models has been reported, and the recovery of cognitive and motor functions by ischemic rats after transplantation, accompanied with the survival of the graft in the host brain, has often been recognized (1, 4) . The age of the donor tissue has been found to be an important factor for neural transplantation, because donor tissue from the adult brain cannot adapt and survive within the host brain. Uchida et al. reported on the feasibility of using, as donor cells, embryonal progenitor cells at the early somite stage, such as those of the mesencephalic neural plate, which has many advantages and the capability of reconstructing neural circuits between host and donor.
In this series of experiments, therefore, we examined the effectiveness of CNS stem cells as donor material for ischemic model rats by implanting the El0.5 rat mesen cephalic neural plate with ventral mesenchymal tissue into the infarct area of the model rats. Survival of the grafts and angiogenesis around the grafts were examined histologically and immunohistochemically after estima tion of the recovery of rats' cognitive function, using learning in the Morris water maze as our criterion.
MATERIALS AND METHODS

Experimental Designs
Spontaneously hypertensive rats (SHR) were sub jected to 60 min of middle cerebral artery occlusion 
MCAO Models
Adult male SHRs weighing 250-300 g at the start of the experiment were used. They were maintained at a room temperature of 24°C and were given food and wa After the surgery, the anesthesia was discontinued and all the animals were confirmed to have left hemiparesis with circling to the left. Reperfusion was performed by extracting the rubber probe 60 min after MCAO under brief anesthesia with a mixture of 2.0% haolthane, 30% oxygen, and 70% nitrous oxide.
Preparation of Mesencephalic Neural Plate With
Mesenchymal Tissues
The mesencephalic neural plate at the early somite stage was dissected out as previously reported (7, 14) . In 
Neural Transplantation
Implantation of the cell suspension into the striatal ischemic lesions in host rats was carried out 3 weeks after MCAO by the method described previously (7, 14) . 
Morris Water Maze Learning
The Morris water maze test is recognized as a useful technique of investigating behavioral and cognitive functions (1, 3, 10) . One month after implantation, this test was applied to three groups: the control (n = 5), is chemic (n = 7), and ischemic + grafted (n = 11) groups.
The test was carried out following the standard method.
A pool (diameter 100 cm, depth 35 cm) was filled with an opaque mixture of water and India ink, and an escape platform (10 x 10 cm 2 ) was set 1 cm below the surface of the water, so that it was invisible from the surface of the water. Four equally spaced points around the edge of the pool were designated as the four start positions.
The platform was kept in a constant position in the mid dle of a quadrant, equidistant from the center and the edge of the pool.
The animal was placed in the water at a designated start position, and the time taken to find the escape plat form was measured. If a rat found and climbed onto the platform, it was allowed to stay there for 30 s. If it could not find the platform within 120 s, however, it was re moved from the water, placed onto the platform, and allocated the maximum score of 120 s. Rats were trained in the task for two sets of four trials on each of 5 consec utive days. The second set on the fifth day was replaced by a single "spatial probe" trial. The platform was re-moved and the rat was allowed to swim for 60 s. The swimming path of each rat was traced on the recording sheets, and the number of times the rat swam through the area where the platform had been located was counted.
Histological Study
After Morris water maze trial, all implanted rats were deeply anesthetized and perfused transcardially with 0. 
Statistical Analysis
A multiple comparison test (Scheffe F) was used to assess the statistical significance of differences. A value of p < 0.05 was considered significant.
RESULTS
Morris Water Maze Learning
Mean latency times taken by rats in each set of four trials to locate the submerged escape platform are shown in Figure 1 for each of the four groups: control group, ischemic group, and implanted groups with and without surviving grafts (as judged by histologic examination). In the "spatial probe" trial during the last set on the fifth day, the number of animals crossing the area where the escape platform had been located did not differ sig nificantly between any two of the four groups (Fig. 2) .
The number of "platform crossings" in the implanted/ graft(+) group, however, was found to be more than in the other groups.
Hisitological Study
Histological examination performed 79-121 days after implantation showed abundant vascularization in and around the grafts in 6 of 11 grafted rats following H&E staining. Discrete masses of grafts were observed in the infarct area of the lesioned striatum and appar ently stimulated a fair amount of vascularization not only within the grafts but also in the surrounding host ischemic brain (Fig. 3A) . These findings were not seen in ischemic rat brain (Fig. 3B) .
Immunohistochemical examinations performed 79-121 days after implantation showed many neurofilament-200-positive tangles and fibers within the grafts in neurofilament-200 staining. In TH staining, many THpositive neuron-like cells, some of which had long THpositive processes, were recognized in the grafts, and were bordered by the adjacent host brain tissues (Fig.   4A, B ).
DISCUSSION
The effectiveness of neuronal transplantation in the striatal ischemic rat model has been reported by many authors (1, (4) (5) (6) 12) . As donor cells, fetal striatal primordia, fetal neocortical tissues, fetal ventral mesencephalic tissues, transgenic neural progenitor cells, and so on, have been used. In our study, however, mesencephalic neural plates with the adjacent ventral mesenchymal tis sues were utilized as donor material for implantation into ischemic rat brains.
CNS stem cells have the ability to differentiate into mature neurons and glial cells in vivo and in vitro, and the younger the neuron is, the better the neurite exten sion and migratory capability that can be expected (14) .
The mesencephalic neural plate tissues in our study might be a source of primary neuronal precursors pos sessing properties that would be useful in donor cells for transplantation and treatment of CNS ischemic diseases or neurodegenerative diseases. On the other hand, the ventral mesenchymal tissue adhering to the mesence phalic neural plate, which is a part of the cranial meso derm, is known to differentiate to form the supporting tissues of the primitive cephalic vein and contribute fre quently to the endothelium of branchial arches (13) .
Thus, mesenchymal tissue also has the potential for divi sion into vessels and their supporting tissues, and thus may give rise to vascular tissues.
Histological examination revealed numerous neovessels in the graft and the adjacent striatal ischemic le sions. Such abundant vascularization was not observed in the striatum of the MCAO model rats without grafts.
Large amounts of vascular tissues were not detected when ED8.5 mouse mesencephalic neural plate cells without mesenchyme were implanted into normal adult mouse striatum (14) . Thus, the phenomenon occurred because of the mesenchymal grafts implanted with CNS stem cells. Although it is uncertain whether the grafted mesenchyme could give rise to mature cerebral vessels or stimulate the sprouting of many vessels from the sur rounding host brain tissues, it may be advantageous not only for the survival of the grafts but also for the blood supply to the host ischemic brain area around the infarct core. Seventy-nine-day-old grafts contained neurofila- 
